Objective To assess if secondary and tertiary hospitals in Mongolia have the resources needed to implement the 2008 Surviving Sepsis Campaign (SSC) guidelines.
Introduction
Sepsis is the leading cause of death in intensive care units (ICUs) in high-income countries, and its incidence is on the rise. 1 Annually, 750 000 cases of sepsis occur in the United States of America (USA). 2 In Germany, sepsis claims 60 000 lives a year and is the third most common cause of death. 3 Despite these disquieting figures from high-income countries, most of the global burden of sepsis occurs in middle-and low-income countries, where approximately two-thirds of the world's population resides. 4 Low living standards and poor hygienic conditions, together with widespread malnutrition and bacterial, parasitic and HIV infections, further increase the burden of sepsis in these countries. 5 According to the latest global burden of disease report of the World Health Organization (WHO), three infectious diseases were among the four most frequent causes of death in low-income countries. 6 Mongolia is home to about 2.6 million people and is classified as a middle-income country by the World Bank. 4 Despite an economic boom following the end of communist rule in 1990, Mongolia faces substantial political, social and health-care problems. Insurance systems are insufficient, and Mongolia's health policy still favours spending on curative rather than preventive services, although there is a renewed focus on primary health care. In 2005, the average life expectancy at birth in Mongolia was 65 years. 7 Three infectious diseases are among the top 10 causes of death in the country, 7 where sepsis is the single most frequent diagnosis in patients admitted to ICUs. 8 In a 2008 study, the rate of sepsis among patients admitted to ICUs was found to be twice as high in Mongolia as in Austria. 9 In 2001, 2004 and 2008, international experts released guidelines for the management of patients with severe sepsis and septic shock. [10] [11] [12] Known as the Surviving Sepsis Campaign (SSC) guidelines, they are among the first international consensus guidelines for septic patients needing intensive care and include recommendations on initial resuscitation, infection management, haemodynamic support, adjunctive therapy and other supportive measures. 12 Integration of the SSC guidelines into clinical care significantly improves clinical outcomes. [13] [14] [15] Because sepsis is the leading cause of death in the ICUs of high-income countries, 1 the SSC guidelines are considered a milestone in improving the care and clinical outcomes of the critically ill. However, certain resources are required to implement SSC guidelines. These resources, which are routinely available in high-income countries, are often lacking in health-care facilities in middle-or low-income countries, according to recent reports. [16] [17] [18] [19] [20] The availability of the resources needed to properly treat sepsis in middle-or low-income countries needs to be investigated so that the SSC guidelines can be adapted and implemented in light of what is available.
The objective of this nationwide survey was to investigate the availability of the resources needed to implement the most recent SSC guidelines in secondary and tertiary hospitals in Mongolia. We hypothesized that such resources were not available in Mongolian hospitals, particularly in rural areas.
Methods
In October 2009 we conducted a nationwide survey in Mongolia by mailing 44 questionnaires to all 24 secondary and tertiary hospitals in Ulaanbaatar, the capital city, henceforth known as central hospitals, and all 20 provincial referral hospitals in rural areas, henceforth known as peripheral hospitals. There is one provincial referral hospital in each of the 20 provinces (aimags) of Mongolia (excluding Ulaanbaatar), which are further subdivided into soums, where hospitals mostly provide primary health care. Each questionnaire was directed to the head physician of the ICU or, if the hospital had no ICU, to the department caring for emergency and critically ill patients. Participants were informed that participation was voluntary and that the results of the study would be published in a scientific journal. We offered no incentives for completing the questionnaire. One and a half months after we mailed it, we contacted all physicians who had not responded and asked them to participate. 
Questionnaire
The survey questionnaire, which was designed and based on the 2008 SSC guidelines, 12 contained 74 questions grouped into seven main categories: general information, hospital facilities, drugs, patient monitoring, laboratory tests, equipment and disposables). For the hospital facilities category, responses were classified as "yes", "no" and "don't know", and for the remaining categories as "always", "sometimes", "never" and "don't know". The original study questionnaire in English (available from the corresponding author upon request) was pretested and pilot tested for ease of completion and inter-observer variability and translated into the Mongolian language. It had been used before in a cross-sectional survey conducted to evaluate resource availability for implementing the SSC in Africa.
Separate from the questionnaire, respondents were also asked whether SSC guidelines were Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.09.077073
Page 4 of 14 implemented in the management of patients with severe sepsis or septic shock in their hospital.
Outcome variables
Prior to the survey, the study investigators defined by consensus the hospital facilities, equipment, drugs and disposable materials required to implement individual SSC recommendations and suggestions (Appendix B, available at:).
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For the SSC guidelines to be considered "implementable", the corresponding resources had to be available "always".
Resources that were available "sometimes" or "never", or whose availability was unknown to the respondents, were considered insufficient for implementation of the SSC guidelines. A secondary outcome variable was the percentage of the recommendations and suggestions included in the SSC guidelines that could be implemented at each hospital, based on responses to the questionnaire.
Statistical analysis
The primary objective was to assess the availability of resources needed to implement the
SSC guidelines (recommendations and suggestions individually, as well as in their entirety) in
Mongolian hospitals. A secondary objective was to evaluate the difference between central hospitals in the capital and peripheral hospitals in rural areas in terms of the capacity to implement all SSC guidelines (recommendations as well as suggestions).
Questionnaires were separated into those whose respondents were in central or peripheral hospitals. Questionnaires were manually entered into a centralized database. After random cross-checking, the database was re-checked by calculating the minimum and maximum values for each question to recognize entry errors. The SPSS software package version 13. number of missing responses in these questionnaires was 1 (IQR: 1-3). Table   5 ). The median percentage of implementable recommendations and suggestions did not differ between central and peripheral hospitals (Table 5 ).
Discussion
The findings of this nationwide survey confirm our hypothesis and indicate that the resources needed to consistently implement the latest SSC guidelines are unavailable in Mongolia. Our data reflect a dramatic, widespread shortage of the resources needed for the care of patients with severe sepsis and septic shock in Mongolia. Accordingly, only one respondent indicated that the SSC guidelines for the management of septic patients had been implemented, at least to some extent, in his hospital. Although our findings do not shed light on why the SSC guidelines are not implemented in Mongolia, a lack of the necessary resources is thought to be at least partially responsible.
Contrary to our expectations and to the results of studies from low-income countries, 16 resource availability did not differ between central and peripheral hospitals in Mongolia. This suggests that the resources needed to adequately manage septic patients are in short supply in hospitals located both in the capital city and in rural Mongolia. While this may still be a remnant of the centrally run health system that existed in Mongolia before 1990, it could also reflect the fact that hospital resources were allocated equally throughout the country in recent times. Alarmingly, many respondents did not know whether specific tests and techniques such as Gram staining or blood gas analysis were available in their hospital. Since only single physicians caring for acutely or critically ill patients was approached in each hospital included in this survey, this could reflect either a shortage of resources or, alternately, a lack of knowledge among some respondents about contemporary sepsis treatment. The results of this survey confirm the findings of a previous study indicating that intensive care medicine was an under-resourced and underdeveloped medical specialty in Mongolia. 8 The main problems encountered were insufficient training of staff as well as a lack of medical equipment, disposables and drugs. 8 Similar shortages of resources to care for acutely and critically ill patients have been reported from other middle-or low-income countries. [16] [17] [18] [21] [22] [23] Such findings and those of the present survey suggest that other international guidelines cannot be fully implemented in Mongolia owing to a lack of the resources required. Although our findings would appear to be intuitively deductible, our study is the first to show that a lack of resources may prevent international treatment guidelines for intensive care medicine from being implemented in non-high-income countries.
This study is a self-reported survey on resource availability and did not evaluate the clinical practice of sepsis care in Mongolia. Although scant data are available on the management of patients with severe sepsis or septic shock in Mongolia, one study reported extremely high case fatality rates for sepsis and septic shock (20.8 and 80%, respectively). shock patients, the overall fatality rate was 82%. 24 Similarly, fatality rates of 80% and 92%, respectively, were found in patients with severe sepsis in tertiary care centres in Pakistan 25 and Turkey
26
. Cheng et al. observed a case fatality rate of 90% in severe sepsis patients suspected of having melioidosis in Thailand. 27 The wide-ranging lack of resources revealed by the present survey suggests that several potentially life-saving interventions for patients with severe sepsis cannot be implemented in Mongolia. Although no conclusion on cause and effect can be drawn from our results the lack of the necessary resources to implement SSC guidelines in Mongolia is in all likelihood contributing to the high case fatality rates from sepsis and septic shock. 9 Our study has several limitations. Although the survey response rate was high, not all physicians to whom the questionnaire was sent responded. Thus, our survey did not yield data from all secondary and tertiary hospitals in Mongolia. It is therefore possible that the resources required to implement the SSC guidelines are available in hospitals that were not assessed in the present survey. Yet data from the tertiary hospitals that replied to the survey indicate that resources were in short supply, although high-skill surgery and anaesthesia services are provided. Our survey did not include primary care hospitals either. Since primary hospitals in Mongolia are rarely equipped or staffed to provide care for septic and other severely ill patients, the critically ill are often transferred to provincial referral hospitals, from where they are subsequently sent to tertiary hospitals in Ulaanbaatar. Since our survey did not include primary care hospitals, no conclusions can be drawn about such hospitals in Mongolia. However, the availability of resources in primary care hospitals is likely to be even more limited than in secondary or tertiary hospitals. This situation is particularly devastating given that long distances, the lack of a nationwide ambulance system and the extreme weather conditions in Mongolia make it difficult to transport patients between hospitals, particularly when they are critically ill . 23 Certain other limitations need to be kept in mind when interpreting the results of this survey. First, although the questionnaire had undergone pilot testing and had been used in another setting before, it had not been assessed for test-retest reliability. This, in addition to the fact that the clinical sensitivity of the survey instrument was not determined, limits the validity of the survey results. 28 Second, our survey explored the availability of material resources but not of health-care workers. A shortage of sufficiently trained health-care
providers is a well-recognized threat to appropriate patient care in middle-and low-income countries. 23, 29 Even in high-income countries, inadequate staffing can be a barrier to Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.09.077073
implementing the SSC guidelines. 30 Additionally, the questionnaire did not assess the availability of the resources necessary to manage children with sepsis. Since specially-sized disposable materials and equipment are required, the resources needed to care for children with sepsis are even more rarely available in Mongolia.
In conclusion, the findings of this self-reported, nationwide survey strongly suggest that the most recent international SSC guidelines cannot be implemented in Mongolia owing to a dramatic shortage of hospital facilities, equipment, drugs and disposable materials.
Further studies are needed on current awareness of the problem, the development of national reporting systems and guidelines for sepsis care in Mongolia, the quality of diagnosis and treatment and the training of health-care professionals. H2, histamine receptor 2; IV, intravenous; LMW, low molecular weight; ND, non-depolarizing.
